]. H. Bramble A.Cohen W. Dahmen

Multiscale Problems
and Methods in
Numerical Simulations

Lectures given at the
C.LLM.E. Summer School
held in Martina Franca, Italy,
September 9-15, 2001

Editor: C. Canuto

i

HI_'
CIME.

@ Springer



Theoretical, Applied and Computational Aspects of Nonlinear
A pproximation
Imtrodhaction A B

Adlpﬁﬂh’umlulﬁhmmm
ThrEumafDiuﬁ:u&ty.....

E |
2 L i
i

2 Examples, Motivation . . i e ke
21 qmwmmdmm ul-'mﬂw ..... .
22 [Qmjﬂmhmthndw
24 BUMIBATY - ., ...y e s n

3 Wavelst Bases - Madn Featumes. ... ...ccovciuniinniinioicsnionins

33 Main Peatwres . ........... ke P | Y it g e
4 Criteria for (NE) |
4.1 “MMMW[MMIMLMT.H Pt e e
42 Fourler- and Basisfree Criteria. . . SRR

-

E55s58EE



X1 ol erin

5 Multisale Decompositions — Construction smd A[m.lrﬂ Frlm;h 6l
5.1 Multiresolation . SEE g ssia B
52 St-hﬂiqd\{uhlnhm E——
53 Construction of Biorthogons! Besss - Stable Completions . ... .. 53
54 Hefinement Helsthons ..........000iveerinnsrrcisnsssinsasss 53
5.5 Structure of Multiscale Transformatbons . . . ... ............... 55
56 Parnmetrization of Stable Completions ... _....... ... ... .. 58

ﬁ wdrmh llllllllllllllllllll R AR R R R RN R R R A N ﬁ?
6.1 Problem Setting. . R
62 mmnmmwmmvﬁm ............ 9
6.3 Global Operators - Boundary Integral Equations . . 5B
64 Saddle Point Problems . ........... At el P R g e BT (1]

7 An Equivalent f5-Problem . . I
7.1 Counulidhwithl‘mtn:llthu] ............................ 67
7.2 Therw is always s Positive Definite Formulation - Lenst Squares . 65

8 Aduptive Wavelot Schemses . ... ..o [
A2 Adaptivity from Several Perspectives ... .. o..ioioiioianan 70
83 The Basie Paradigm . . vesss 10
854 {Hl]whuiﬂmﬁrmwl’mhh ..... Fi |
85 (TV) Adaptive Application of Operatoes I
86 The Adeptive Algorithm .......o00000000s SHPPSLICCHAR |
A7 ldeal Bonch Mark - BmH—TmAppmdmrh ............. %
88 Compressilie Matrios . R |
A0 Fust Approvimste Huﬂ:ﬂfuw Hullbllnﬂ.lnn ............... i i
8.10 Application Through Uzawa Iteratlon . ... .....oooooiiiiiiaens ™
A.11 Main Result - Convergenoe/Complexity .. ....... PR | |
al?%mphm:dmrhuddﬁnunl .................. 1]
8.13 Approximation Froporties and Regularity ............cc0c000.. B5

0 Further Jssues, Applicathoms ... ... cooiiiiiiiiieineiniecnna- e
9.1 Nonliear Probilems. . PPN e LS E L B RSy |
932 'flnel]mﬂuimll'mhlm T P TERN S RENTE QPP |

10 Appendix: Sorne Useful FOots .. .. 0vvvvrsesnssnriresrnorareeeess. 0
1001 Funotion Spaoes . ... ....coceiieiiiianas R B B A (R ol 1
10.2 Loeal Polynomisl Approximathon . .. .....occorvmrrmrcrrarnrss n
10.3 Condition Numbemi. ... ...ooorvrrarrrrsranrarssrsnsssissnnss T

DRI 15 < 4 o i b A R R AR 03

Muaultilevel Methods in Finite Elements

James H. Bmmble . ... .07

I Introducthon .. ...covoreiveriinins B A B A B B B w
11 Sobolev Spares. . .............ooosaneesa. Vi S
1.2 A Maodel Problesm . ......... ISR - |
1.3 Finito Elemoni prmtlmd’lhﬂﬂnﬂ?mﬂm .......... 100
1.4 The Stiffness Matrix and its Condition Number ... .. ... ...... 1n
1.5 A Two-Level Multigrid Method . ......0o0vvnnnn.. P p 102



Contents XTI

B B v i A A SR T AT 106
21 An Abstract V-cyele Algoeithm .. ..ooovvvinrncnrinmmrseneans lirg
22 The Multilevel Pramework. . ... .ocovniinmnrsccrraacrsacsans i
2.3 The Abstract V-cycle Algorithm, T ..........0co0ianiinnn. .. 108
24 The Two-level Error Recurrence. .. .. .oooooviivanre-oo-.. 100
2.5 The Bruess-Hackbusch Theorem ., ... .ocovaeiiiiiiiciiiiiias 110
Multigrid 11 V-cyels with Less Than Full El]ipth: ﬂnm]n‘ity ........ 112
31 Introducibon and Preliminsries . Ay |1
32 Thr“tﬂﬁpﬂcltlenwﬂq:tmnhﬂm ,,..,.”....Ilﬁ
33 Some Technical LEMMAR ... .ccvmmvisnrrisnsrsrsssnssnnnsnn nr
24 Undiorm Extimalog ....cccoicnisascascsssissisassanrisnsiss 119
Mog-nested Multigrid . | KR e SR ER R | |
il Nm-nmadﬂplmunl\fumugﬁum ....................... 121
42 General Multigrid Algorithms .. ... ... R A Rt el 122
4.3 Multigrid V-cycle as a Reducer.......... RO 125
44 Multigrid W-oycle s a Redocer ... ..., Fw A AR 127
45 Multigrid V-cycle as 0 Preconditioner . chasnn s es Il
Computational Scales of Sobolev Nosms ... ... B AT i W 133
T R SR SR T RS L 133
5.2 A Norm Egquivalence Theorem . 135
53 Development of Precondiioners ,......cccvoviiivninanrisniias 138
54 Precomditsoning Sams of Operators . ....oocvvivievmnrinniane 138
b A Simple Approximmtion Opermtor Q0 .. coooviiiieiiiaiiins 139
Some Basic Approximation Properties ... ...ooooiiaiienein. . 10
Approximation Propesties: I.I‘Jelllu]l.[lﬂ!l.ﬂlls ................ 141
The Coercivity Estimnte ... ... .....coo0ioiiiiiiianrirariaes 144
B ADDROREIITE -« o« v e s 5w ot Ao am s o b b HA o AW A A 145
A Preconditioning EXampIe. ... .ooieeiiriniiiniinsnrsssnrins 146
Two Exnmples Involving Sumes of Operstors ... ... .. ... ... 17
HY(17) Bounded Extenslons . ... ... .....o.ooioiiiiein.s 148
T L 1 11



	1
	2
	3
	4

